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I 
The lizard Phrynosoraa was found by Loeb (1907, 1918) to exhibit in a 
particularly  clear way the  effects of moving visual images upon forced 
compensatory reactions; head nystagmus of visual origin is  easily demon- 
strated when a white paper cylinder with black vertical stripes is rotated 
about  the animal, under ordinary daylight illumination.  "Optokinetic" 
reactions of this type are readily obtained with other saurians also (Loeb, 
1891; Trendelenburg and Kiihn, 1908; Schlieper, 1927; Ohm, 1931; Ehren- 
hardt,  1937; Crozier and Wolf,  1938-39).  A particular interest of these 
reactions of diurnal lizards such as Phrynosoma is due to the fact that the 
retina (Detwiler and Laurens, 1920; Keeler, 1930) contains sensory elements 
held to be of only one general histological type, namely single cones (Garten, 
1907; Rochon-Duvigneaud,  1917; Menner,  1929; Wails,  1934; Verrier, 
1935), which seems to be true, however, of the nocturnal form Heloderma 
as weU (Walls,  1934).  With this sensorially simplex constitution of the 
retina of Phrynosoraa the data on its electrical responses to photic stimula- 
tion are not inconsistent (Meservey and Chaffee,  1927; Chaffee  and Sut- 
cliffe, 1930).  Although no rods are present, the pronounced fovea contains 
attenuated cones which lack the oil droplet characteristically occurring in 
the extra-foveal cones  (Detwiler and Laurens,  1920).  A  large,  conical, 
deeply pigmente'd pecten is present in the Phrynosoma eye; it has been 
suggested recently (Menner, 1938) that this structure in the bird's eye may 
play a  part in increasing the excitatory effect of moving images, but we 
find in the responses to flicker no evidence as to this, even at low flash fre- 
quencies (equal light and dark t:imes), in t]ae case of Phrynosoma as well as 
with birds we have recently studied; when the-tL/tD ratio is changed, such 
evidence is obtained (Crozier and Wolf, 1940-41b). 
The expectation for animals with retinal receptor elements  of single type is 
that the flicker response contour should be a  simplex symmetrical prob- 
ability  integral  (F  -  log I;  Crozier,  Wolf,  and  Zerrahn-Wolf,  1938 a, 
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1938-39 b), although the activity of the iris may introduce a  complication 
in  some cases  (cf.  Crozier and Wolf,  1938-3~9 b).  Employing the  striped 
cylinder technic and  the procedures previously described  (Wolf and Zer- 
rahn-Wolf,  1935-36;  Crozier,  1935-36;  Crozier,  Wolf, and  Zerrahn-Wolf, 
1936-37 a;  Crozier and Wolf,  1939-40 b),  it has  been  found  that  several 
vertebrates with simplex  (rod or cone)  constitution of the  retina provide 
simplex performance contours relating flash frequency to flash illumination 
critical for forced head nystagmus; whereas the corresponding contours for 
vertebrates having both rods and cones are characteristically duplex (Cro- 
zier,  Wolf,  and  Zerrahn-Wolf,  1938 a;  Crozier  and  Wolf,  1938 a,  1939). 
It is desirable to extend the factual basis for certain considerations arising 
in  connection  with  these  facts.  A  significant general  theory of  visual 
duplexity in vertebrates requires, among other things, that something more 
be known about homologous performance contours of animals having only 
rods and of types  having only cones.  The behavior of Phrynosoma pro- 
vides data significant for this end.  The important points have to do with 
(1)  the analytical shape of the  performance contour,  and  (2)  the magni- 
tudes of its parameters  in  comparison with those of other  "cone" visual 
performance curves. 
II 
Pkrynosoma cornutum was  used in  these  experiments.  A  considerable  stock was 
obtained from a commercial supply company.  The individuals used were 10 to 15 era. 
in  total length.  They were kept in a  large  cage with western exposure, and fed on 
captured flesh-flies  and on Drosopkila from cultures.  During daylight hours they were 
quite active.  For the observations  each selected individual was put in a  thin-walled 
crystallizing dish covered by a watch glass; the cover was so fastened as to be firmly 
clamped on, but with space around the edge to provide for circulation of air.  When 
surrounded by the rotating striped cylinder with sufficiently intense trans-illumination, 
a  slow movement of the head ("railroad" nystagmus) in the direction  of rotation is 
periodically interrupted by swift returns of the head to the initial position in line with 
the axis of the body.  In this reaction the front legs are extended and the body is elevated 
and gradually swung in the direction of the motion of the stripes.  In some cases locomo- 
tion in the stripe-movement  direction is observed. 
The initiation of head nystagmus as the flash intensity is increased with F constant 
provides  the  index of  threshold  response  to  ("recognition" of) the fight-dark cycle. 
In these observations the light and the opaque spaces on the cylinder were equal (i.e., 
tL/tu  --  1).  For quantitative, observations  preliminary dark adaptation is essential; 
but in darkness  Pkrynosoma quickly becomes inactive, the eyes are closed, and the 
general  condition  approximates  that of tonic immobility.  After the period  of dark 
adaptation it was consequently desirable to tilt the container in order to cause the animal 
to "awaken" and open the eyes as a consequence of the righting reflexes.  Preliminary 
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immediately after having responded once as result of increasing the light intensity to the 
critical level, and then pass into a kind of general rigidity.  This is in marked contrast 
to the persistence of head nystagmus within a rotated striped cylinder in an ordinarily 
iUuminated  room.  In  the dark room,  within the  trans-iUuminated  cylinder,  it was 
usually difficult to secure even three successive critical responses without arousing the 
lizard from immobility.  Prolongation  of the period of dark adaptation increased these 
difficulties.  Under such conditions  the determinations  of critical  flash intensity are 
bound to be more erratic,  and the values of P.E.  m more irregular,  than with the other 
animals we have thus far used.  In general (of. Table I) the variation index for It is of 
the order of 5 per cent of I,,, but it is irregular; to the reasons for this already mentioned 
it is to be added that not the same ten individuals were used throughout the experiment. 
The measurements are therefore comparatively deficient in the matter of homogeneity. 
In other sets of observations injections of adrenalin, strychnine, and picrotoxin were 
administered to groups of individuals, chiefly to test possible improvement of responsive- 
ness.  No conditions were found, however, which served  to prevent the effect of con- 
tinued darkness or dim illumination in producing the gradual stupor and immobilization. 
III 
The observations secured with Phrynosoma are summarized in Table I. 
They are  given  as  log mean  critical  intensities  (millilamberts),  with  the 
P.E.'s of the dispersals of the individual ten means of three observations 
on each of ten individuals.  The temperature was 27.5  ° ±  0.3  °.  As shown 
in Fig.  1, the data of Table  I  are well described by a  normal probability 
integral in log I,~.  The maximum to which the probability grid  in Fig.  1 
is computed is Fm~.  =  42.4 flashes per second.  It is notable that there is 
no "iris effect" such as previously found with the gecko (Crozier and Wolf, 
1938-39 b). 
Among the response  contours with which that for Phrynosoma may be 
compared the closest parallel is that given by the "cone" segment for fishes 
of  the  PlatypoeciUus group  (data  in  Crozier,  Wolf,  and  Zerrahn-Wolf, 
1937,  1937-38 a,  1938 b;  Crozier  and  Wolf,  1938 a,  b,  1938-39 a,  1939, 
1939-40 a).  Fig. 2  exhibits the general similarity of these curves.  With 
the  measured  contours  for  other  vertebrates  greater  differences  are  ap- 
parent.  The cone curve for Rana (Crozier and Wolf, 1939-40 b), and the 
simplex  curve  for  the  turtle Pseudemys (cone retina;  Crozier, Wolf,  and 
Zerrahn-Wolf,  1938-39 a)  are also traced in Fig. 2, as well as the simplex 
curve for the gecko Sphaerodactylus (rod retina; Crozier and Wolf, 1938 b). 
It is apparent that greater differences are found in the shape constants and 
inflection levels of the cone curves for different animals than between the 
"rod" and cone curves of turtle and gecko.  In the fishes we have studied 
the cone segments range in form (steepness) between that for Platypoecilius 
(Fig. 2)  and that for Fumtulus  (Crozier and Wolf, 1939-40 e) which has a 320  FLICKER RESPONSE CONTOUR ]~OR PHRYNOSOMA 
slope very close to that for the turtle Pseudemys.  On the other hand  the 
forms of the cone curves for the frog and for the newt Triturus (Crozier and 
Wolf, 1939-40 d) are very closely alike. 
In making these comparisons we are disregarding differences of tempera- 
ture involved in  the  several cases.  This  is chiefly because our major in- 
terest is with the form and the maximum F  for the different curves.  We 
have abundant evidence that the shape constants (~'~o, r) and the values of 
Fm,x. are not dependent on the temperature  (Crozier, Wolf, and Zerrahn- 
Wolf,  1936-37 b,  1938-39 a;  Crozier  and  Wolf,  1939,  1939-40 a,  c).  The 
TABLE  I 
Mean critical intensities, as log I,, (millilaznberts), for response to visual flicker by 
the homed lizard P~ynosoma at 27.5  ° :t: 0.3  °, with tr.  =  tD; 30 observations (three  on 
each of ten individuals) at each flash frequency F#ec.; P.E.1 is the P.E. of the dispersions 
of the individual means. 
F  log Ira  log P.E.111 
2 
5 
10 
15 
20 
25 
30 
35 
38 
42 
i.2499 
i.5788 
i.8116 
i.9098 
0.~it8 
0.42&$ 
0.8454 
O.fOAS9 
0.8558 
0.7802 
1.1186 
1.8750 
~.0530 
.3320 
~-.0917 
i .6532 
2.3687 
~.7950 
.9O70 
i.9848 
i. 1038 
i.7700 
i .3911 
i.7999 
i .9784 
0.1204 
data basic to Figs.  2 and  3 were obtained at two main  temperatures:  for 
gecko and for Phrynosoma t  °  =  27.5; for the others, excepting man (37.5°), 
the temperature is 21.5 ° .  We do not know the specific temperature char- 
acteristics for the shift of the abscissa of inflection,  except for Pseudemys 
(Crozier, Wolf, and Zerrahn-Wolf,  1938-39 a, Crozier and Wolf, 1939-40 c) 
and Platypoecilius (Crozier and Wolf, 1939-40 a).  We do, however, know 
that in all seven cases examined elevation of temperature moves the F  - 
log I  curve  toward  lower  intensities,  without  changing  its  shape.  Con- 
sequently  the  unusually  high  value  of  the  abscissa  of  inflection  in  the 
Phrynosoma (r"  =  0.42; cf. Fig. 3) is not due to the high temperature pre- 
vailing during  the observations.  Chaffee and  Sutcliffe  (I930)  noted  that 
for the electrical responses of the Phrynosoma retina the intensity thresholds W.  J.  CROZIER  AND  ERNST  WOLF  321 
were much higher than for the frog eye.  The (cone) curve for certain birds 
(42.3 °)  we are now engaged in  studying is not so steep as that for Pkry- 
nosoma and its r' is very much lower (r'  =  ca.  3.70). 
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FIG.  1.  Flash  frequency  F  and  log  mean  critical  flash  intensity for reaction of 
Phrynosoraa to flicker; light time -- 0.5/F; temperature =  27.5°; F given as percentage 
of F~,o,. =  42.4/sec. on the ordinate of a normal probability grid. 
The maximum value of F  to which response is obtainable is a function of 
retinal area  (cf.  Crozier,  Wolf, and  Zerrahn-Wolf,  1937-38 c),  in  a  given 
animal.  To what extent this is true in comparing different animals is of 322  FLICKER  RESPONSE  CONTOUR  FOR  PHRYNOSOMA 
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FIo.  2. The probability  integral  of  Fig.  1  for  the  observations  on P]w3mosoma (cone 
retina),  and for comparison the curves  obtained  with turtle  (cone  retina),  gecko (rod 
retina),  and the  cone  portions  of  the  duplex  curves  for  frog  and  Platy;  see  text. 
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FIo.  3. The curves  of  Fig.  2,  and the  cone  curve  for  a  human subject,  transferred  to 
a  probability  grid  (Fma..  =  100  in  each  case),  to  facilitate  certain  comparisons;  see  text. 
course another matter.  But we also know  that Fro,..  is a function of the 
light  time fraction in the flash  cycle (c/.  Crozier, Wolf, and Zerrahn-Wolf, 
1937-38 d; Crozier and Wolf,  1939-40 c; 1940-41 a) and that the factors 
of direct rectilinear  proportionality connecting Fm~.. and T' with the per- W.  J.  CROZIER  AND  ERNST  WOLF  323 
centage dark time are functions of the particular animal.  Since we like- 
wise know that the shape constant (~r'l,~ t) for the (cone) response contour 
is independent of the flash cycle light time ratio, the proper basis for the 
intercomparison of  the  forms of  the various  contours is  found  in  their 
representation on a probability integral grid in which for each case Fm~. = 
100 per cent.  This is given in Fig. 3 from the data on various vertebrates 
already represented  in Fig. 2, and in additional data on man (cf. Crozier, 
Wolf, and Zerrahn-Wolf, 1937-38 b).  The respective values of  Fm~. (for 
tL  =  tD)  are:  Man,  56.7; Pseudemys,  52.6;  Platypoedlius,  46.1; Phryno- 
soma,  42.4;  Rana,  40.5;  Sphaerodactylus,  26.8.  It  is  apparent  from  a 
consideration of these and other similar data that there is no formal associa- 
tion among the values of the three parameters of  the probability integral 
which efficiently describes these data.  This conclusion is reinforced by the 
examination of comparable data provided by various arthropods (cf. Crozier, 
Wolf, and Zerrahn-Wolf, 1938-39 b).  There is thus given one part of the 
proof that three independent parameters are necessary and sufficient for the 
description of the flicker response contour,--such as are provided by the 
three constants of the probability integral, namely the asymptotic maxi- 
mum Fm~.; the abscissa of inflection r'; and the standard deviation of the 
first derivative of  the  curve,  a~o, i.  The  complementary portion of  the 
proof is obtained from the results of independently modifying each of these 
parameters through the experimental control of retinal area, body tempera- 
ture,  and  the light time ratio  in the flash cycle  (cf. Crozier  and  Wolf, 
1939-40 c). 
The data on Phrynosoma reinforce considerations respecting the general 
doctrine of visual duplexity in vertebrates which we have elsewhere men- 
tioned (Crozier, Wolf, and Zerrahn-Wolf, 1938 a; Crozier and Wolf, 1938 a, 
1938-39 b,  1939).  Purely  cone flicker  threshold curves  of  a  turtle,  the 
horned toad, and a bird (zebra finch) cgnsidered in a succeeding paper, are 
found to differ more in essential respects than do the (purely rod) curve of 
Sphaerodactylus and the  (cone)  curve of Pseudemys.  We are well aware 
that in entering upon such comparisons it must not be lost sight of that 
the index responses of each animal used are necessarily peculiar to itself. 
But under the conditions of these tests the end-points are at least congruous 
in the sense that they are threshold motor responses.  As such they prob- 
ably have as much essentially in common, among different animals, as do 
the rod and cone end-points in a  given animal with visual duplexity--for 
example, in man.  In any  case, therefore, the correlation of histological 
receptor types with visual discriminative capacity in the matter of flicker 
cannot be made on the basis of the quantitative properties of the response 
contours alone. 324  FLICKER RESPONSE CONTOUR FOR  PHRYNOSOMA 
IV 
SUMMARY 
The  fizard Phrynosoma, with purely cone retina,  provides a  simplex 
flicker  response contour (log  critical  flash  intensity  as a function of flash 
frequency).  It is well described as a normal probability integral  (F -- 
log  I). 
The Phrynoso~z curve differs  markedly, in higher slope  and in higher 
median intensity  level,  from that obtained under the same conditions for 
the turtle  Pseudemys,  also  with entirely  cone retina.  Other comparisons 
having a bearing  on the  duplexity  doctrine are  discussed. 
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